Background. Epidemiological data shows the increasing prevalence of chronic rhinosinusitis which poses significant health, social and economic problems in today's world. Endoscopic paranasal sinus surgery is currently the method of choice in the treatment of chronic rhinosinusitis when conservative treatment methods fail. Therefore, maintaining a high percentage of therapeutic success with a constantly growing number of surgical procedures poses the major challenge to otolaryngologists. Appropriate surgical conditions have a great influence on the course of surgical procedure, the risk of complications and postoperative outcomes. Objectives. The aim of this study was to analyse the influence of selected perioperative factors on the course of endoscopic surgery in patients with chronic rhinosinusitis. Material and Methods. A group of 212 patients (105 women and 107 men) aged 19 to 74 (mean age 46.5) diagnosed with chronic rhinosinusitis were enrolled in the retrospective study. All patients underwent endoscopic sinus surgery. The analysis was concerned with the impact of such factors and clinical parameters as gender and age of patients, disease progression, previous (conservative and surgical) treatment, comorbidities, detrimental external factors, the scope of surgical treatment influencing the duration of surgery, bleeding in the surgical field and the total blood loss during surgery. Conclusions. It was found that the mean duration of surgery in the study group was 40.2 min, the mean blood loss was 312.17 mL and the mean degree of intraoperative bleeding scale reached 2.15. The intraoperative conditions deteriorate together with the increasing age of patients. Selected factors and clinical parameters, such as impaired nasal patency, olfactory disorders, the occurrence of nasal polyps, prior surgical treatment, the presence of aspirin-induced asthma and cardiovascular diseases, intranasal glucocorticoid therapy, a high degree of inflammatory changes in the sinuses and a large extent of surgery substantially influence the deterioration in intraoperative conditions. Knowledge of these factors and their impact on surgery enables more thorough, multidisciplinary preparation of patients for surgery, and thus enables the optimisation of surgical conditions (Adv Clin Exp Med 2014, 23, 1, 69-78 ).
noted in Germany [2] . This data shows that chronic rhinosinusitis poses significant health, social and economic problems in today's world. Thus, more and more attention is paid to developing the most effective treatment method.
The treatment regimen in patients with symptoms of chronic rhinosinusitis recommended by EPOS 2012 (European Position Paper on Rhinosinusitis and Nasal Polyps of 2012) is based on the administration of glucocorticoids and the rinsing of the nasal cavity with saline solution. A lack of treatment results in patients with mild symptoms after 3-month therapy is an indication for computed tomography (CT) of paranasal sinuses and should lead to a decision to treat patients surgically, which will also enable effective pharmacotherapy at a later stage. The inclusion of long-term treatment with intranasal glucocorticoids after surgical procedure provides a better therapeutic effect and an extension of the period between successive operations. In many treatment regimens long-term macrolide therapy [3, 4] is also used and in some cases tetracyclines are administered [4] . Studies conducted at the cellular level have shown antiproliferative and anti-inflammatory effects of vitamin D analogs in the cells of nasal polyps in patients with chronic rhinosinusitis [5] .
Surgical procedure plays an important role in the treatment regimen of chronic rhinosinusitis. It is currently based on the concept of functional endoscopic surgery. The aim of functional endoscopic sinus surgery (FESS) is to restore the patency of natural sinus ostia, which provides proper ventilation of the inside of the sinus and improves its drainage, leading to the healing of the inflamed mucous membrane [6, 7] .
The proper course and the expected therapeutic effect of endoscopic paranasal sinus surgery requires a number of conditions to be followed. These include the stage of preparing patients for surgery, the proper qualification for surgery, the proper performance of surgery and the right provision of post-operative care. The precise control of the above stages of treatment will improve the operating conditions and reduce the likelihood of perioperative complications and thus improve the effectiveness of treatment [8, 9] .
Based on one's own clinical experience and the contemporary medical literature on this matter, an attempt was made to assess individual preoperative factors and their impact on the course of surgery.
Material and Methods
A group of 212 patients (105 women and 107 men) aged 19 to 74 (mean age 46.5) diagnosed with chronic rhinosinusitis were enrolled in the retrospective study. All patients underwent endoscopic paranasal sinus surgery according to the concept of Messerklinger and Stammberger, i.e. functional endoscopic sinus surgery (FESS). Surgical procedures were performed from July 2010 to April 2011.
During the analysis of medical records of the patients, the following preoperative factors and clinical parameters were taken into account:
-age and gender of patients, -symptoms and signs and the presence of pathological changes in CT of the paranasal sinuses (Table 1 ) important in the diagnosis of chronic rhinosinusitis (according to the recommendations of EPOS 2012), -a history of previous surgical procedures due to the inflammation of the nose and paranasal sinuses (nasal polyp removal, Caldwell-Luc procedure, endoscopic sinus surgical procedures), -the use of intranasal or systemic glucocorticoids due to chronic rhinosinusitis, -comorbidities (aspirin-induced asthma, cardiovascular diseases, diabetes), -detrimental external factors (smoking, work in dusty areas, constant stay in air-conditioned rooms).
Subsequently, the study of medical documentation concerned the following intraoperative parameters: duration of surgery (in min), blood loss during surgery (in mls), the degree of bleeding in the surgical field evaluated by the surgeon. The above parameters were collected and underwent statistical analysis.
Statistical Analysis
Data was collected and analyzed in a spreadsheet. The verified data was then transferred to a statistical program where the appropriate analysis was performed.
Distribution of quantitative variables was verified by the Shapiro-Wilk test. Depending on the distribution, the Student's t-test and the MannWhitney U test for comparing two subgroups were used interchangeably with analysis of variance (ANOVA) and the Kruskal-Wallis analysis of variance of ranks for more subgroups.
Depending on the distribution, the correlation of quantitative variables was analysed using Spearman's rank correlation.
The results were shown in the tables containing the average value of the examined parameter and its standard deviation for qualitative parameters or quantities with the percentages for qualitative parameters.
For the purposes of the whole analysis, a p-value < 0.05 was considered significant. STATISTICA programme (data analysis software system) version 10.0 from StatSoft, Inc. was used for the calculations.
Results

Age of the Patients
The analyzed group consisted of patients aged between 19 and 74. The mean age was 46.5 years (SD 12.9). The study showed a significant deterioration in intraoperative conditions with an increase in the age of patients undergoing surgery (Fig. 1) .
Gender of the Patients
The gender ratio was almost equal in the study group with 107 (50.5%) male patients and 105 (49.5%) female patients. No influence of the gender on intraoperative conditions was demonstrated (Tables 2-4).
Patient-reported Symptoms
After the analysis of the symptoms reported by patients while collecting the medical history, it was found that patients often complain of mucopurulent nasal discharge and impaired nasal patency. The study of the relationship between the operating conditions and symptoms showed that impaired nasal patency, impaired sense of smell and the number of patient-related symptoms had a statistically significant effect on the assessment 
Laryngological Examination
Oedema of the nasal mucosa and the presence of mucopurulent nasal secretion were the most frequently observed clinical symptoms reported during the laryngological examination. The presence of nasal polyps and a large number of symptoms had a statistically significant relationship with the deterioration in operating conditions. Such a relationship was not found in the case of the presence of mucopurulent nasal secretion and oedema of the nasal mucosa (Tables 2-4 ).
Comorbidities
The most common comorbidities included cardiovascular diseases, diabetes and aspirin-induced asthma. The analysis showed that both aspirin-induced asthma and cardiovascular diseases have a significant impact on the deterioration in intraoperative conditions. In diabetes, such a relationship was not observed (Tables 2-4) .
Previous surgical procedures due to nasal inflammation and rhinosinusitis.
The data obtained from the medical history in the study group showed that 59 patients (27.83%) had undergone surgical treatment before due to nasal and sinus inflammation (e.g. nasal polyp removal, Caldwell-Luc maxillary sinus surgery, FESS). After the statistical analysis, it was found that the duration of surgery in these patients was extended significantly and the increase in intraoperative bleeding scale and blood loss was reported (Tables 2-4). 
Glucocorticoid Therapy
Glucocorticoids had been commonly used in patients before surgery. More than 50% the study group had undergone general or intranasal glucocorticoid therapy (107 patients, 50.5%). In patients treated with general glucocorticoids, no significant differences in the analysed parameters were found compared to those who had not used the agents prior to surgery. In the group of patients treated with intranasal glucocorticoids both a significantly higher value of the intraoperative bleeding scale and blood loss during surgery were found compared to patients who had not taken glucocorticoids. However, the difference in the duration of surgical procedure was not statistically significant (Tables 2-4 ).
An additional analysis was performed with relation to the observed close relationship between the use of glucocorticoids prior to surgery and the degree of progression of pathological changes in CT. Intraoperative conditions in patients preoperatively treated with systemic and intranasal glucocorticoids were compared with intraoperative conditions in patients who had not taken the agents. Another analysis was performed for each stage in regards to the progression of inflammatory changes in CT of the paranasal sinuses, according to the Kennedy Scale. This additional comparison revealed that in the study group there was yet again no relationship between systemic glucocorticoid therapy and intraoperative conditions. However, in the group of patients who used intranasal glucocorticoids, relationships changed significantly. For the same stages regarding the progression of inflammatory sinus changes, no differences in intraoperative conditions were observed in both groups of patients. Based on medical history, it was shown that 70 (33%) patients from the study group had regular contact with harmful external conditions at work or the place of residence. The study of the relationship between this exposure and intraoperative conditions did not demonstrate any statistically significant correlation (Tables 2-4 ).
The Severity of Inflammatory Changes in Sinus CT
The progression of inflammation in CT was described according to the Kennedy Scale (Table 1) . The mean severity of inflammatory changes in the study group reached 2.37 (SD 1.10). The statistical analysis demonstrated a significant relationship between the progression of the inflammatory process and the examined intraoperative parameters (Fig. 2) .
Discussion
The overview of medical literature provides little information on the effect of preoperative factors on intraoperative conditions. The analysis of the available reports indicates that mostly disease severity, comorbidities, medications used prior to surgery and a history of previous surgical treatment due to rhinosinusitis are the preoperative factors that influence surgery [10] [11] [12] [13] [14] [15] .
In the group of 212 patients efforts were made to determine the impact of the selected preoperative factors on the course of surgery. Among the demographic factors, age and gender were also analyzed. There was no significant relationship between the gender of patients and operating conditions. In the latter case, it was shown that operating conditions deteriorate together with the increase in age. Available studies show no relationship between the gender of patients and intraoperative conditions either [10, 15] . The same authors do not find the relationship between the age of patients and the degree of intraoperative bleeding and the duration of surgery. On the other hand, Ramadan and VanMetre, describing the population of patients over the age of 65, noticed statistically increased bleeding during the surgical procedure in this group [16] . Ban et al. also found a higher incidence of mild complications (including bleeding) in patients over the age of 65. According to the authors, this is associated with long--term symptoms of rhinosinusitis prior to surgery and diabetes occurring more frequently in patients aged over 65 [17] . As early as in 1992 Kennedy listed the severity of the disease as a major factor influencing the course of endoscopic sinus surgery and, consequently, the results of treatment [13] . These observations were confirmed by the present studies [10, [18] [19] [20] [21] .
Laguna compared three groups of patients with various severity of pathological changes before surgery based on endoscopic and imaging examination (i.e. CT). The results of these studies indicate that the worst intraoperative conditions occurred in the group of patients with the most severe rhinosinusitis and extensive nasal polyps [15] .
Similarly, Albu and Baciut found a linear relationship between the severity of the disease, as described in the endoscopic examination as well as in CT of the sinuses and intraoperative bleeding in endoscopic surgery of the maxillary sinus. The analysis showed that together with the increase in the scale of disease severity, the degree of intraoperative bleeding increases, according to the scale proposed by Fromm and Boezaart [18] . In another study, Albu et al. demonstrated that chronic rhinosinusitis with nasal polyps substantially increased blood loss during the surgical procedure, decreased the quality of the operating field and extended the duration of surgery in comparison with patients without nasal polyps [20] .
In the studies conducted in France, the severity of clinical changes was described according to the Lund-Mackay Scale based on CT of the paranasal sinuses. The authors confirmed the reports from other medical centres and proved that the greater the severity of the changes according to the Lund-Mackay Scale, the more significant intraoperative bleeding was [10] .
The analysis of the patients in this study also showed the relationship between intraoperative conditions and disease severity. A positive correlation was found between the severity of the disease observed in CT of the sinuses as well as in nasal endoscopic examination and a worsening of intraoperative conditions. The analysis describes the relationships between individual preoperative symptoms and the course of surgery. Reports that analyse the impact of preoperative symptoms on the course of surgery have not been published in such a detailed way as yet.
Chronic rhinosinusitis and comorbidities are among the factors that deteriorate the general condition of patients prior to endoscopic surgery and may have an impact on the course of surgery and treatment results. Nair et al. are of the opinion that intraoperative bleeding is dependent on many factors, of which advanced underlying disease, arterial hypertension, blood clotting disorders and heart diseases are the most significant [22] . Similarly, Cassano et al. demonstrated a relationship between arterial hypertension and a higher risk of perioperative bleeding. Such a relationship was not observed in diabetic patients [23] . The impact of comorbidities on operating conditions during endoscopic ethmoidectomy in patients with nasal polyps was also analysed by Mortuaire et al. The results of these studies showed no statistically significant effect on operating conditions for the diseases such as bronchial asthma, hypersensitivity to nonsteroidal anti-inflammatory drugs or allergy [10] . Gromek, on the contrary, observed a greater tendency for intraoperative bleeding in patients with hypersensitivity to non-steroidal anti-inflammatory drugs [24] . The analysed material showed the influence of aspirin-induced asthma as well as cardiovascular diseases on the deterioration in intraoperative conditions. It should be noted that the presence of aspirin-induced asthma has always involved a very extensive inflammation of sinuses and the presence of nasal polyps, which could determine the results of the study.
There are several studies which indicate that also a past history of surgery due to rhinosinusitis and nasal inflammation can hinder the course of endoscopic procedures [10, 24] . Gromek noted in her studies increased intraoperative bleeding in patients with a past history of polypectomies. According to the author, it was caused by severe adhesions in the nasal cavities after previous surgery [24] .
In this study a clear relationship was observed between the previous surgical treatment and the deterioration in intraoperative conditions. It seems that the deterioration in intraoperative conditions may be caused by adhesions and fibrosis of the nasal mucosa due to previous surgical procedures which narrow the operating field as well as show an increased tendency to bleeding. Lack of landmarks (e.g. the middle nasal concha, uncinate process, etc.) may increase the time of the surgical procedure, making it difficult to perform surgery and increases the risk of complications, including bleeding. Reoperations are often performed on patients with a high intensity of pathological changes. For these reasons, during the first surgery, possible reoperation should be considered. Therefore, attempts should be made to maintain the anatomical landmarks. Furthermore, before qualifying patients for reoperation, it is necessary to check if all methods of conservative treatment have been used and endoscopic examination should be performed before reoperations to evaluate the operating field conditions.
As previously shown, the severity of sinus inflammation before surgery is the most important factor that influences the course of surgical procedure. It seems that it is possible to improve operating conditions by reducing the severity of the disease prior to planned endoscopic treatment.
Glucocorticoids are the most commonly used agents prior to endoscopic paranasal sinus surgery. Sieśkiewicz et al. conducted the study on the influence of orally administered glucocorticoids on intraoperative conditions. Patients with chronic rhinosinusitis with nasal polyps and with the similar disease progression were enrolled in the study. The authors of the study report that preoperative use of oral prednisone significantly improves the quality of the surgical field and reduces surgery time [25] .
On the other hand, Albu et al. conducted the study on the influence of intranasal glucocorticoids on the intraoperative conditions. The study was performed separately for patients with chronic rhinosinusitis with and without nasal polyps. The results showed decreased blood loss during surgery, improvement in the quality of the surgical field and the reduced surgery time in the groups treated with intranasal glucocorticoids both in patients with and without nasal polyps [20] .
This study analysed the relationship of the past glucocorticoid treatment and intraoperative conditions. In the group of 212 patients, the agents were used intranasally in 98 (46.2%) patients, orally in 22 (10.4%), and 104 (49.1%) patients did not use the agents. The results of the analysis showed a significant deterioration in intraoperative conditions in patients who had used intranasal glucocorticoids prior to surgery. In the case of systemic glucocorticoids the differences were not statistically significant. It should be noted that the use of these agents has always been associated with extensive rhinosinusitis and often with the presence of nasal polyps, which could affect the study results. An additionally performed analysis showed yet again no relationship between systemic glucocorticoid therapy and intraoperative conditions in the study group. However, a change in the examined relationships was observed in the group of patients who used intranasal glucocorticoids. For the same stages of disease progression, intraoperative conditions did not mostly differ significantly between 2 groups. Thus, it seems that the degree of disease severity determined the study results, which are different from the data in the literature. However, it should be noted that a different methodology was used, which compared groups of patients with various stages of disease progression, unlike the above-mentioned studies of other authors. The results of the study make it possible to draw prognostic conclusions. Greater blood loss during surgery and worse quality of the surgical field can be expected in patients who had preoperatively used intranasal glucocorticoids compared to the whole patient population undergoing endoscopic sinus surgery.
The authors concluded that selected preoperative factors and clinical parameters such as impaired nasal patency, impaired sense of smell, the presence of nasal polyps, prior surgical treatment, the presence of aspirin-induced asthma and cardiovascular diseases, a higher degree of inflammatory changes in sinuses are crucial for the course of endoscopic paranasal sinus surgery. Their presence affects the deterioration in operating conditions, the increase in intraoperative bleeding and the extended duration of surgery. Intraoperative conditions also deteriorate with the increase in the age of the patient. The knowledge of these factors and their impact on the course of surgery may provide a more thorough, multidisciplinary preparation of patients for surgery, and therefore the optimisation of operating conditions.
